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ABSTRACT 
Mean  aerological data for  the Gulf of Mexico area  hare been prepared  from IO-year records for three  stations. 

Mean  monthly  height,  tewperature,  and  relative  hulnidity  data  are  tabulated  for  constant  pressure  surfaces. More 
detailed  information,  including  density.  potenti:rl  temperature,  and specific hnmidity, is shown for the  mean 
“hurricane  season”  sonnding.  The  mean  data  are  compared  with  those  preriously  presented for the  West  Indies 
area  and  some of the  interesting c.liInatologir~nl features  are  discussed. 

1. INTRODUCTiON 
Recently,  mean  somlding data hare beell presented  for 

the West Indies  area  based  on  10-year  records  for  Miami, 
Fla., San  Juan, P.X., and  Swan  Island [l]. At about  the 
same time,  mean  aerological data were  being  prepared for 
individual US. Weather  Bureau  and  cooperative st a t ‘  1011s 
for the same  10-year  period, 1946-55 [a]. Since  the  avail- 
ability of these n~ean  data  for  the  individual stations 
greatly  simplifies the preparation of mean  sonntlil~gs  for 
geographical  areas, it was decided to prepare,  for com- 
parative  purposes, mean sonndings  for  the  Gulf of Mexico 
area by  combining the published  means for. Rro\~-ns~i l le ,  
Tex., Burrwood-New Orleans,2 La.,  and  Hawna, Cuba. 
This  new set of data  for  a slig!ltly difierellt,  geographical 
area (fig. 1) should be useful as a check  on the  represeuta- 
tiveness of the  mean \Test, Indies  data [l], and also pro- 
vide information  on  seaso~lal  ~xriations of temperature, 
pressure, and  humidity  over  the  northern Gulf of Mexico. 

2. PROCESSING OF DATA 
I n  preparing the wean  sounding data for  the Gulf o f  

Mexico area,  the  i~~formntion was processed i n  :L mne-  
what different, manner  than  that employed  in  computing 
the  mean West Indies  sounding.  Detailed  informatioll on 
the length OP record  and the tecllniqnes  employed in re- 
duc,ing bias in the  nlonthly  means  at  the upper lerels a t  
the individual  stations is given in [a]. I n  contrast,  to  the 
mean West  Indies  soundings,  the  pressure-height  data  for 
the Gulf  soundings  were not, computed  from the  mean 
temperature  and  humidity  data,;  the  height data, for  the 
standard  pressure  surfaces  were  obtained  by  simply  aver- 
aging  the  reported  heights a t  the individual levels. 
Checks made  in [l] suggest that  only  very  minor  incon- 
sistencies are  introduced  by  treating  the  data  in  this  way. 
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April 1959. 
aData taken a t  New Orleans for  the period’ Jan. 1947-July 1950 and a t  

Burrwood for Jan.-Dec. 1946 and Bug. 1950-Dec. 1955 were combined in 
preparing the mean data [2]. This combined record will be referred to  as 
Burrwood in the subsequent discussion. 

To the  extent possible, mean  data  are shown for  all  stand- 
ard levels up to 30 mb. as in El], although  relatively few 
observations  reached  this level in  the  earlier years. The 
mean  surface  pressures  were  reduced  to  mean sea level 
pressures  simply  by  considering  the  mean elevat.ion of the 
three  stations  and the mean  temperature  in  the  layer  near 
the  surface. 

The  mean  values  are  based  entirely 011 the 0300 GMT 

observations  in  both  sets of data so that mdiation  errors, 
noted  in  radiosonde  records in  the  past [3], need not be 
considered. The observations  were  scheduled at  local 
times  varying  from  approximately 10: 30 p.m. at  San 
Juan  to  about 8 : 30 p.m. a t  Brownsville.  Since  relatively 
s n d l  mean  diurnal clifferences can  be  expected over a 
%hour  period [a] and since  any effect of this  type  intro- 
duced b~7 the Sa11 Juan and B r o m m d l e  data would  tend 
to  be reduced  by  the  data  from  the  other  stations, which 
are all v i thin 10’ longitucle of each  other, it is felt  that 
diurnal  differences  can  safely be neglec,ted in comparing 
the  Gulf  and  West  Indies  soundings. 

3. THE  MEAN AEROLOGICAL DATA 
The monthly  and  annual  temperature,  height,,  and re1- 

ative humidity da ta  for  the  standard  pressure  surfaces 
for t,he Gulf of 1lexii.o  area,  obtained  by  averaging  the 

FIGURE 1.-Location map for stations  used  in  the  preparation of 
mean  soundings  for  the Gulf of Mexico and  West  Indies areas. 
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TABLE l.-Mean. tcnaperatrire ( "  C . )  a t   s tandard  pressure surfaces  f o r  Gulf  of Afrxico a r m .  A11 ccllues above the   dashed  line are 
negafice 
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"" 
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_I 
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-. 

c h r u m y  

53, 738 
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9,511 
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The  data  for tlle  months  July-September  have been 
combined into a mean  "hurricane season" sounding  (table 
4) .  The  data  are  presented  in  the  same  form  as  tlle nlean 
"hurricane seaso1t" sounding  for  t,he  West  Indies  area [ 1 ] 
and deviations  from  the  West  Indies  sounding  are  shown 
for all  quantities.  The  "hurricane season" sounding  for 
the West  Indies  area used data  for  the  months .July- 
October, but October  was  omitted  in  preparing  the com- 
parable sounding  for  tlle  Gulf of Mexico area since the 
intrusion of westerlies at  Bro\vnsrille  and 1311rr\vood is 
quite evident  in  the  mean  tempernt3ure  data  for October. 
This  seasonal change  in  the  circulation  patterns is 1111- 

doubtedly  associated wit11 the observed decrease i n  the 
frequency of tropical cyclogenesis  between September and  
October [4], a tendency  which is more  marked  in  the  Gulf 
of Mexico area  than  in  the  Test  Indies  area. 

There is little  doubt  that.  the  "hur~ic:~ne season" sound- 
ing offers a  good  approximation  to  normal  summer con- 
ditions over  the  northern Gulf of Mexico. The tievin- 
tions  of the  station  means  from  the  values  given  in  table 
4 were nearly  all less than 1" C. at lower and  middle  trop- 
ospheric levels and less than 2" (1. at  all levels. Relative 
humidity  values show- more  consistent  deviations, wit,h 
Brownsville running 4-5 percent less than  the mean a t  
some levels and  Havana  showing  values  greater  than  the 
means by a similar  amount.  The  stations used in  pre- 
paring  the  mean  Gulf of Mexico soundings  are  not  dis- 
tributed so that  the  data  can be  considered  truly  repre- 
sentative of the  port,ions of the Gulf of Mexico where 
tropical cyclogenesis is most, frequent [4]. Data  from 
the Mexican  st,ations at  Merida  and  Veracruz, combined 
with Bnrrwood  and  Brownsville,  would  probably  have 
led to  more  representative  soundings  for  the  primary 
hurricane-formation  area of the  Gulf of Mexico. How- 
ever, data  for  Merida  and Veracruz-probably because of 
the shorter  length of the  records at, these  st a t' lons-were 

not  included in  the  tabulations of mean aerological data 
[e]. 

The  cleriations  sho\\n  in  table 4 reveal  that differences 
i n  tlle two "hurricane season" soundings  are small 
throughout  most of the  troposphere.  At levels up  to 500 
nib., tlle  temperature and moisture diflerences are small 
enough so that  the  stability is almost  identical over the 
t,wo areas  as  revealed  by  the  very  small : t n d  unorgnnized 
differences  between the  equivalent  potential  temperature 
values for  the  two  so~ndings.~  However,  the observed 
differences indicate  that  conditions  over  the  Gulf  are con- 
sistently IT-armer and  drier  than  in  the  West  Indies  area. 
T)eviations of this  type  in  the  troposphere  are consistent 
with  the  fact  that  easterly flow increases  with  height over 
this  area  in  association  with  the  upper  tropospheric  anti- 
cyclone located  over  the  southern TJnited States  during 
the summer  months [5]. Stratospheric  easterlies exist 
over  the whole subtropical  area  in  summer  with  maximum 
speeds above the 30-mb. lerel.  The  largest  temperature 
differences  shown in  table 4 appear  in  tlle lower  strato- 
spl~ere where the mean easterlies  iucrease most rapidly 
with  height,. 

The  fact  that October data  are  included  in  the  "hurri- 
cane season" sounding  for  the West, Indies  but no't in  the 
similar  sounding f o r  the  Gulf  area  has a negligible effect 
on  the  features discussed  above. This is evident  from 
the  fact  that,  the  temperatwe anomalies for  the  individual 
Inonths, shown for  selected  levels in  table 5, are  very sim- 
ilar  to  those  shown  in  table 4. The  September  deviations 
are smaller  than t,hose of the  other  months,  and  the ver- 
t,ical dist)ribution is such  that)  the  stability  over  the  Gulf, 
in  comparison  with  the  West  Indies  conditions,  is  slightly 

3 The deviations of equivalent potential temperatures given in table 4 
are hased on corrected values of the equivalent potential temperatures for 

of Mf?teomZogu, vol. 15, No. 6, December 1958, p. 512. 
thr West Indies sounding which appear in a Corrigendum,  in the J O U ~ Q ~  



220 M O N T H L Y   W E A T H E R   R E V I E W  JUNE 1959 

TABLE 5.-Deviation of  mtean Gulf  of Illexico temperature  data 0 I I I I 

( "  C . )  from mean We& Indie$  temperature  data  at selected  pres- 
sure  surfaces for individual  months - _  - -_._ 

1 

Pressure (mb.) 

50 ................................................ 
1M) ............................................... 

+1.2 

250 ............................................... 
+. 8 
+ L O  150 

200 

+1.1 

400 ............................................... 
+. 7 300 ............................................... 
+. 8 

+. 5 
................................................ f. 6 M"..." ......................................... +. 7 
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greater  during this month.  However,  considered over 
deep  layers,  differences are less than lo C. 

The  fact  that differences  between the  two  mean  "hurri- 
cane  season" soundings  a,re  small  and of such a form  as  to 
be consistent  with  the  large-scale  climatological  features 
of the  area  suggests  that  the  mean  "hurricane season" 
sounding  presented in [l], although  based on data  from 700 
only threestations, is probably a close approximation  to 
mean conditions  over an extensive  area in  the  West  Indies- 
Gulf of Mexico  region.  Comparison of the  mean  sound- 800 

- 

ings for  individual  summer  months  for  the  two  areas I 
would  reveal  differences  only  slightly  greater than shown 
for t,he "hurricane season" soundings  in  table 4. This 
fact,  together  with  the  information  that  synoptic  varia- \ 

tions are  usually  small  in  these  areas  in  the  summer 1000 

much more  useful  than  similar  sonndings  for  other  areas for the Gnlf of JIexico area (dashed) and  the West Indies area 
where the seasonal and  geographical  gradients,  as well as (solid). 

\ \ \ \ , , X \ \ \  

900 

I I I I I 

mb 2 4 6 8 10°C 
months, suggests that these so"ndins may prove FIGURE 8.-The annual  range of the  mean  monthly  temperature 

- " - 

synoptic  variability, are much  greater.  Disturbances- 
in  the  form of tropical cyclones which affect most, or  all, sonal  changes  (table 1). The differences in  the lower 

of the  troposphere,  and  upper-level cyclones  which affect troposphere  are  consistent  with  the  fact  that  Rurrwood 
and Uro~~nsvi l le   are  affected by  continental influences to 

Of Mexico area during the summer months [51' In the mean  West  Indies  soundings.  Cold-air  outbreaks which 

mean conditions  can  be  expected. 111ake the  major  contribution  to  tlle  greater  range of the 

- 

the and occl'r in the a larger  degree  thall  the  statiolls used in  preparing  the 

vicinity Of these disturbances marked departures cOmnlon at tllese statiolls ~]urirlg the  winter months 

4. CLIMATOLOGICAL FEATURES 
The mean West  Indies  data [1] showed that  througll- 

out most of the  troposphere  the warmest, mean  nlonthly 
temperatures  are  found  in  September  and  the coldest 
values in  February.  An  almost  complete  reversal was 
noted in  the 200- to 150-mb.  layer  with  the  maximum  val- 
ues in  February  and  the  minimum  values  in  June-July. 
I n  the  stratosphere,  t,emperatures  were  warmest  in  June- 
July  and coldest in  January-February.  The  temperature 
data  for  the  Gulf of Mexico  area  (table 1) shon- similar 
variations,  except that  at levels up  to 600 mb. maximum 
values are  observed  in August (rather  than  September) 
and  the  reversal  in  the  upper  troposphere is first  evident 
a t  175 mb. rather  than at the 200-mb. level. Also, the 
transition  back  to  the  "normal"  seasonal  pattern  in  the 
stratosphere  occurs a t  a  higher  level,  perhaps  reflecting 
greater  mean  tropopause  heights,  with  the 100-mb. level 
lying  in  the zone of small  and  somewhat  irregular sea- 

11lean monthly  temperature at, lower levels in comparison 
with  those observed in  the West Indies  data (fig. 2). The 
magnitncle of the  range  over  the  Gulf  area is greater at 
all levels i n  tlle  troposphere;  however,  the  major  features 
of tlle  curves for  the  two  areas  are  remarkably  similar. 
Minimu~n  valnes of the  range  are  found  in  the  vicinity of 
700-600 mb. and 200 mb., and  maximum  values  near  the 
surface and  350 mb. I n  the  stratosphere,  the  curves con- 
tinue  to be very  similar,  x-ith  the  largest  range  shown  in 
the TTest. Indies  data.  Tlle  major  features  shown  by  this 
curre  hare. been brought,  out in other  studies 131. 

The  mean  West  Indies  data  showed a marked  departure 
from  the  normal  seasonal  trend  in  early  summer  with 
cooling  being shown from  June  to  July  at  tropospheric 
levels above 700 mb. ,4 similar  break  in  the  normal  sea- 
sonal  temperature  change  is  evident  in  the  Gulf  data 
(table 1) but i t  is 17-eaker and  cooling is found  only  in  the 
700- and 500-mb. layer. 

The  mean  relatire  humiclity  data  for  the  Gulf  area  were 
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FIGURE 3.-Seasonal course of the  Palnlen  instability  index for the 
Gulf of Mexico area (solid)  and  West  Indies  area  (c1;~shetl). 

consistently lower  than  the  mean  West  Indies  values.  The 
maximum deviations  were  generally  in  the 900- and 
850-mb.’ layer  where,  during  all  months except September, 
the Gulf  values  were  at  least 10 percent less than  the  West 
Indies values. During July and Angnst, this  relatively 
dry layer  still  persisted,  but  at  hipl~er  levels the Gulf val- 
ues were as great  as  or  greater  tllan those for  the  West 
Indies area. The low humidities i n  the !NO-800-mb. layer 
in the  summer  months,  together \Tit11 the  fact  that  tem- 
perature  deviations  reach  a  maxinlum  in  this  vicinity 
(tables 4, 5 ) ,  suggest, that subsidence is a  more  prominent 
feature  in  this  layer  orer  the ( h l f  of Mexico than over 
the West  Indies  area. 

It has been pointed  out  that  there  are  systematic  dif- 
ferences betm-een the meal1 F e s t  Indies  and  Gulf  sound- 
ings throughout  the  year,  xlthongh differences :we rtttller 
small during  the  summer  months.  These  two  sets of 
soundillgs have been studied  in  relation io the  frequency 
of hurricane  formation  by  compnting  the PalmGn insta- 
bility index  for each area.  This  index,  which PalmGn 
[6] used in  his  study of climatological  aspects of hnrri- 
cane formation, is defined  as the difference  between  the 
mean 300-nlb. temperature  and  the  temperature of a  par- 
cel lifted  pseudoadiabatically  to  this level from  the earth’s 
surface. Positive  values of tlle  index  were  considered  as 
a necessary, but  not sufficient, condition  for  hurricane 
formation. 

The Palm611 index has  been computed  for  each  month 
of the  year  using t,lle mean  surface  and 300-mb. data  for 
the West  Indies  and  Gulf of Mexico areas (fig. 3 ) .  The 
September  values in  both  areas  are  somewhat  lower  than 
those shown  by Palmen which  attained  values of over 9” C. 
in the  Gulf of Mexico area.  Similarly, Pal111611 showed 

slightly  positive  values  in  the  West  Indies  area  in  Febru- 
ary,  while  figure 3 shows  negative  values  throughout  the 
winter  months.  This  difference  can  be  accounted  for by 
the  fact  that  Palm6n used sea surface  temperatures  and 
assumed the  surface  relative  humidity  to be 85 percent 
throughout  the  whole  area  considered. He  used  mean 
300-mb. data  for  September  and  February  from  Swan 
Island.  Actually  the  air  temperature is generally 
slightly  lower  than  the  water  temperature,  and  this  dif- 
ference  is  accentuated  in  the  present case since the meall 
West  Indies  and  Gulf  soundings  are based  on data  taken 
only at  0300 GNT. I n  addit,ion,  relative  humidity  values 
;Ire less than 85 percent, in some  months, especially in 
winter. 

The curves of the PalmBn index (fig. 3) show a marked 
seasonal  trend  wbich is of the  same  type  in the two  areas 
and  which  agrees  in  a  qualit,ative sense with  the observed 
frequency of hurricane  formation.  Hurricanes  are  rare 
during tlle  months  which shom- negative  values of the  in- 
dex  xnd a  maximum  frequency  is  reached  during  the 
months which show positive  values.  However,  the  index 
rises  sharply  during  the  spring  months  and  reaches  high 
wlues in ,June :md July when  hurricanes  are  rare. The 
illdex for  tlle Gul f  area has already  started  to  fall  quite 
rapidly by September  when  the  maximum of hurricane 
formation  is  reached. It is of interest  that  there are rel- 
;~tively  large differences in  the  value of the index  betxeen 
the two areas  in  October  and  November when hurricane 
formation is still  frequent in the  West  Indies-Caribbean 
area  and much less  frequent  in  the  Gulf of Mexico area [4]. 

Hurricanes  form  with some regularity  in  the Gulf of 
Mexico  in  October and  in  tlle  West  Indies  region  in NO- 
rember,  althougll  the  mean  instability  index is slightly 
llegative i n  these  areas  during  these  months. However, 
the  hurricane  formation  periods  may well coincide with 
:~bnornl:~l  periods  when  the  index  is  positive. Of course, 
not  all  features of the seasonal  distribution of hurricanes 
should be expected to fit in  with  the  mean seasonal curves 
of tlle simple  instability  index.  The  importance of other 
factors is clearly  suggested  by  the  fact  that  higher  values 
of tlle index  are  shown  in  June-July  than  in  September, 
although  there is a large increase in  the  frequency of 
hurricanes between June  and  September  in  both  areas. 
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